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A Standard Specification for Transferring Digital
Neurophysiological Data Between Independent
Computer Systems (Designation E 1467-92) has been
developed. The specification defines a common
representation of all of the data associated with a
complete clinical study, including digitized
neurophysiological waveforms, textual annotations
and interpretive reports. Patterned after existing,
related healthcare data interchange standards, it will
facilitatedata interchangebetween neurophysiological
instruments, computer systems within the
neurophysiologylaboratory,otherinformation systems
in the hospital, and outside healthcare facilities or
research laboratories.

INTRODUCTION

The Clinical Neurophysiology Laboratory has many
different instruments for performing
neurophysiological studies such as
electroencephalography (EEG), evoked potentials
(EP), electromyography (EMG) and nerve
conduction studies (NCS), polysomnography (PSG),
and magnetoencephalography (MEG). Modem
instruments use digital computer technology to
acquire, display, analyze, and store these
electrophysiological waveforms (Figure 1). As these
instruments mature, the ability to transfer data
between systems specialized for different tasks,
manufactured by different vendors, or from
successive generations of technology will permit
integration of the neurophysiology laboratory [1].

Automation of the process of acquiring and
analyzing large quantities of waveform data, in some
cases hundreds of megabytes per day, depends upon
a common representation of the data if the data is
to be shared between systems. This significantly
simplifies the task of development (therefore
reducing the cost) of custom software interfaces
between each pair of communicating systems, as any
system needs only a facility to read and write the
standard interchange format.

HISTORY

The requirements for a standard for Clinical
Neurophysiology were established in June of 1990 at
the Second International Cleveland Clinic Epilepsy
Symposium [2]. ASTM Subcommittee E31.16 on
Interchange of Electrophysiological Waveforms and
Signals was formed in September of 1990 to develop
this standard, a cooperative undertaking
representing clinical, academic, and commercial
(vendor) interests. Several medical specialty
societies have officially contributed to this effort,
including the American Electroencephalographic
Society, the American Association of
Electrodiagnostic Medicine, American Sleep
Disorders Association, and the International Society
on Brain Electromagnetic Topography. The
Standard Specification for Transferring Digital
Neurophysiological Data Between Independent
Computer Systems (ASTM Designation: E
1467-92) [3] was officially approved in March of
1992.

SCOPE OF THE STANDARD

The standard defmes a portable digital
representation of a complete neurophysiological
study; it encompasses all phases of a study in a
clinical environment, from ordering through fmal
reporting and archiving. The standard covers most
all classes of neurophysiological signals, including
EEG, EP, EMG, NCS, PSG, and MEG. A format
is defined for encoding digitized multichannel time-
series waveform samples, plus all of the data needed
to deformat and label the waveforms, textual
annotations of the study by the technologists,
physician or computer generated analyses of the
waveforms, and fmal interpretive reports.
Additionally, coding systems for much of the
annotative data are defined to facilitate machine
processing and extraction of information for display,
reporting, or incorporation into a clinical database
or computerized patient record. While the standard
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Figure 1. Typical EEG Waveform [Recording]

directly addresses neurophysiological studies, the
mechanisms are designed to be general and
extensible, so special studies that incorporate other
types of waveforms, such as electrocardiograms
(ECG), hemodynamic parameters, intracranial
pressures, etc. can use the standard as well.
Prolonged studies or continuous monitoring can be
accommodated as well as short, time-limited data
acquisition. In addition, there are provisions for
two-waycommunication between computer systems,
which can be utilized, for example, for control of
instrumentation or automatic ordering and reporting
of clinical studies.

PORTABLE DATA INTERCHANGE

The primary goal of this standard was to facilitate
transfer of data between computer systems
independent of hardware architecture, operating
system, or progrmming language, and across a
variety of communications or storage media (e.g.
local area networks, asynchronous serial interfaces,
magtape, floppy disk, optical disk, etc.) [4].
Therefore, portability of the data files is of greatest
importance. Efficiency, in terms of file size, data
transmission speed, or formatting/deformatting time
is of secondary importance, though not negligible
for large volumes of continuously acquired
waveform data. The standard does not constrain
the internal architecture of any particular
instrument or computer system; it defines how all
such systems could export and import data, but
leaves it up to the designers of a given system to
decide whether or not a proprietary internal
architecture is justified on the basis of performance,

features, or cost.

In order to achieve maximum portability of the
waveform data, the standard specifies conversion of
the binary data samples to decimal ASCII (7-bit) as
the default encoding scheme. This permits
transmission through the vast majority of hardware
and software interfaces with a minimum of
complexity. The penalty in terms of file size
expansion is not as large as it might appear. An
integer value in a two-byte sample could take four
or five ASCII digits to encode, plus sign and
delimiter, totaling up to seven bytes instead of two.
However, real EEG data tends to fluctuate near the
zero baseline, with relatively low amplitude for the
majority of the study. It has been shown that
typical EEG recordings expand to only 1.7 times the
size of the original binary file; both the binary and
ASCII files can later be compressed to
approximately 0.7 times the size of the original
binary file.[5] (Note that data compression schemes
are explicitly NOT specified in the standard; the
formatted data file can be compressed by
standalone compression programs or by data
communications or storage hardware when required
and appropriate.) As communications and storage
hardware continue to mature, this impact will
become even less significant.

DATA FORMAT

The standard was patterned very closely after
ASTM E1238-92, Standard Specification for
Transferring Clinical Observations Between
Independent Computer Systems [6]. E1238 is an
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accepted standard for the transmission of test
results from clinical laboratory systems (e.g. blood
chemistry, cultures, etc.). Neurophysiological
systems were considered to be analogous, with
waveforms simply another type of "result". The
already accepted and tested means of identifying
and encoding data about patients, providers, orders,
etc. were adopted from E1238. Within that
structure, E1467 specifies extensions and
enhancements for waveforms and their acquisition
parameters, specific mechanisms and coding tables
for associated annotations and reports, as well as
mechanisms to support real-time operation.'

Data files are stream-oriented, so that a single file
contains all of the waveform data, descriptive
information, textual annotations, and analyses and
interpretation of the neurophysiological study. This
single data file is analogous to a conventional analog
paper EEG recording, with the technologist's
annotations written on the stripchart, and the
physician's interpretive report stapled to the stack of
paper. All data needed to make sense of any
portion of the waveform recording is always in close
proximity; this is especially important for realtime
communication or in continuous monitoring.
Nevertheless, for efficiency, an instrument or
computer system may choose to maintain state
information so that redundant transmission of
descriptive data can be minimized.

Data samples may be organized in either a
channel-multiplexed or channel-demultiplexed
format. The data stream may be segmented into
220-character blocks to meet the limitations of some
common serial interface drivers. The textual
descriptive and annotative information is embedded
in the waveform data stream. Annotative data may
entirely unformatted free text for screen displays
and printing on reports, or may be encoded to
facilitate machine processing, e.g. allowing counting
or statistical analysis, dynamic formatting of reports,
or extraction of data elements for incorporation
' The central philosophy to adopt the structure and
formatting specified by E1238 was followed wherever
possible to provide uniformity within the healthcare
environment, in the same way that E1238 and HL-7 [7] are
similar. For example, the written report ofa study acquired
on a Neurophysiology Laboratory instrument should be able
to be distributed throughout the hospital, using essentially
the same information systems and interfaces as the Clinical
Laboratory, Radiology Department, etc..

into a database. For encoded annotations, the
"universal"codes may be supplemented or replaced
by local codes, or by new code tables that may be
incorporated into future revisions of the standard.
The code tables specified are designed so that data
files formatted using encoded annotations will be
interpretable ifprinted as free text by a deformatter
that does not support encoded annotations.
Annotations may be very simple, for example
human-generated markers such as "patient moved";
or, they may be very complex, such as the
parameters of a waveform feature (e.g. an EEG
spike) detected automatically by a signal processing
algorithm. (See Figure 2 for an example of a
formatted interchange file)

IMPLEMENTATION

The standard may be implemented in a range of
levels of complexity, or even in subsets appropriate
to a particular instrument or task. A very simple
implementation may handle only waveforms and the
minimal descriptive information required to
deformat the data stream. Another simple subset to
implement would be the formatting of an
interpretive report for transmission to a hospital
information system for display of study results
throughout the hospital. An implementation that
formats waveforms and embedded annotations may
initially treat all annotations as uninterpreted free
text, and evolve to machine processing of encoded
annotations when and where needed. A diagnostic
instrument may provide only batch-oriented output
of the data that it collected, or a laboratory
computer system may implement two-way
communication to control an instrument or interact
with a hospital information system. Another
important feature of the standard is flexibility to
make implementation-specific or site-specific
extensions to accommodate special requirements or
features. Clinical encoding schemes specified may
be supplemented or superseded to accommodate
individual laboratory conventions without producing
unreadable files.

This standard has been developed at an opportune
time, when proprietary implementations do not
exist, yet recognition of the need for this
functionality is growing. As implementations evolve,
cooperation among developers will lead to a better
understanding of this data representation and guide
future revisions of the standard.
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H A \&1192641 34X96ABE59YW NEULAB (Sunnyville Neurophysiology Lab) <CR>
Al 102 W Main Street^Mai
1 Stop 29B'Sunnyville'INA666661 ORUR0111(555)444-33331 <CR>
Al TCP/IP NEURO (Sunnyville Neurologic Clinic) Example P I E. 1119900324101215 <CR>
P 11l 4567890&1&M1O 4567890&1&M1O 13-777-2221 Doe^John^Q^Jr^Mr DeereI 193002021 <CR>
A M IW 1511 Third Avenue^Apt 2AHometownAINA666671 1445-111 lCday -445-2222Cevening <CR>
A 32975ASmith&John&P&III&Dr&MDAUPIN 1 1160Acm I60 kg 1401 .9AHypertensionA19C <CR>
A Propranolol- DiazepamI Last meal 12 hrs ago I Right 1199002141 IPI PsychI I Cl <CR>
AIM BPI Englishl PSYI 19900214<CR>
OBR 1I1 5678ANEURO 1234^EEG 195816AEEG recording R 1199003230952161 <CR>
Al 1990032408121611990032408514211I NlAdementialI60year old male with 3 month hx<CR>
A l of myoclonus, cognitive decline, and memory loss 32975^Smith&John&P&III&Dr&MD <CR>
A1444-35551 11 11199003241010171214.50IENIFI I I I IWHLCI 197235ABerger&Hans&&&DrI <CR>
A 127593AJones&Mary&S&&Dr&MD ^Sullivan&Joyce&D&&Ms ^Quincy&Susan&R&&Ms <CR>
OBXI 1 CM 195816&DSTAEEG recording 1 IT-10147&<CR>
Al external occipital protuberance (inion)^T-12171&frontonasal suture (nasion)^36.5 - <CR>
AI T-Y0171-LFT&left preauricular area^T-YO171-RGT&right preauricular areaA37 <CR>
OBX12ICM195816&MTGI I l&LR-21.1 (Al/2)A21 <CR>
OBX 131CM 195816&ELC Il l l&FplAT-Y0100&headADP&Au&0.6A90&THA108&PH - <CR>
A 2&Fp2AAA90&THA72&PH - 3&F3AAA64&TH^A129.1&PH -4&F4AAA64&THA <CR>
A 50.9&PH - 5&C3^^^45&TH^l80&PH - 6&C4AAA45&TH^0&PH -7&P3AAA64&TH^ <CR>
A 230.9&PH - 8&P4^^^64&TH^309.1&PH 9&O1^^A90&THA252&PH - 10&02AAA <CR>
A 90&TH^288&PH -1 1&F7^AA90&THA144&PH - 12&F8AAA90&THA36&PH - <CR>
A 13&T3A..90&TH'180&PH 14&T4AAA90&THAO&PH- 15&T5AAA90&THA216&PH - <CR>
A 16&T6A..90&THA324&PH - 17&FpzAAA90&THA90&PH - 18&FzAAA45&THA <CR>
A 90&PH - 19&Cz^^0O&TH^O&PH - 20&PzAAA45&THA270&PH - 21&OzAAA90&TH^<CR>
A 270&PH -22&A1AAA120&THA180&PH -23&A2^^^120&TH^0&PH - 24&Av^ADERIVA <CR>
Al 0.5&Al^0.5&A2 <CR>

OBX 1241CM 195816&CHN^EEG recording 131 1^Fpl&Av^0.5&uv^1.032&0AA-2048&2047^ <CR>
Al BP&ANA&1&6&70&6- 2AFp2&AvAA1 .015&0 3AF3&Av^^0.983&0 -4^F4&AV^ <CR>
A 11.005&0 - 5AC3&Av^0.964&1 - 6^C4&AV^^0.993&0 - 7^P3&Av^0.989&0 - 8AP4&Av^^ <CR>
Al 1.013&0-9AO1&Av" 1.106&0 - 10^02&Av^^0.992&2 - 1AF7&AvAA<CR>
A10.987&0- 12^F8&Av^A1.002&0- 13AT3&Av^A1.076&-1 - 14AT4&AV^A<CR>
A 11.1 12&0 - 15AT5&Av^^0.988&0 - 16^T6&AV^^1.087&0 - 17^Fpz&Av^ <CR>
A 10.992&0 - 18^Fz&Av^^1. 135&0 - 19^Cz&Av^^0.988&0 -20OPz&AvAA <CR>
A 1. 103&0 - 21^Oz&AvAAO.998&0 <CR>
OBX 1251CM 195816.0101&TIMAEEG recording, with standard conditions while awake with <CR>
A I eyes closed 13119900324081237.525^0.005^ADNC <CR>
OBX 1261 TX I 95816.0101&TCM 14 1 Awake<CR>
OBX 1271 TX 95816.0101&TCM 15 1 Eyes closed <CR>
OBX 1281CM 195816.0101&WAV 17139A543A-104A23A418A-35A260A864A-920A <CR>
A 1450^80^460^A480A88A670A202A-90A-540A60Al0A-680 601^36^-204^ <CR>
A 1605A440A-20A170A340A424^40^-30A28A380A-850A320A760A700A <CR>
A -60^68A78^630 - -280A120^90A-7A284A382A-96A^445A864A^ 18A <CR>
A -642A94^27^89^178A-683A58A-173A-53A664A510 -78A155A780A90A <CR>

Figure 2. Example E1467-92 Formatted Interchange File [8]
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Table I: Image Transmission Rates (single concurrent file transfers)

Telecommunication Technology Time Required to Transmit 0.75 mb Image File

IDCU X.25 (9600 baud) 11 minutes (FTP GET, VAX-to-VAX)
Modem with MNP (14.4 kbaud) 7 minutes (Novell READ, 386-to-486)
ISDN Basic Rate (112 kb/s) 1 minute (Novell READ, 386-to-486)
Frame Relay (1 mb/s) 7-12 seconds (FTP GET, VAX-to-VAX)

hospitals. Within the VA, data exchange relies on
compliance of systems with the VA's Privacy Act
protocols.
The use of a request-reply message protocol
allows the system to check security privileges and
then supply predefined data to the remote system.
The remote system can then provide integration
with its own database if this is desirable.

CONCLUSIONS

Exchange of medical data between distant medical
centers has the potential to be extremely useful in
providing healthcare. Consultation from a distant
location requires at least the same complete
integrated patient record available to onsite
physicians. This means that both images and
associated text must be transmitted and their
association must be maintained. This requires an
infrastructure including systems, network and
software tools.

There are many approaches to providing remote
data exchange. Selection of a data exchange
approach to meet particular needs requires
balancing of various factors, including the need for
rapid interactive access to data and ad hoc
queries, the adequacy of access to predefined data
sets, the need for an integrated view of the data,
the ability to provide adequate security protection,
the amount of data required, and the time frame
in which data is required.
The prototypes described here demonstrate ways
that the VA can utilize its infrastructure,
information standards, and compatible integrated
hospital information systems located at its facilities
to improve healthcare and the technology
supporting distant consultation. The needs that
are targeted by the VA are also needs of private
hospitals. In many cases, private hospitals do not

have the infrastructure in place to allow data
exchange. The Clinton/Gore administration is
working to provide such an information
superhighway nationwide that may open the doors
to the kind of technology described here. Such
technology may help meet the public's
expectations for national healthcare. The VA's
experiences may serve to establish the benefits
that could be obtained by all hospitals.
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